The starch and protein content of substituted and complete triticales were quantitated and evaluated for their contribution to the functional properties of flours by means of the amylograph, farinograph, and the breadmaking test. Although no clear differences were observed in the starch and protein contents of the two triticale genotypes, a detailed analysis of their components revealed compositional differences between them. The amylose content was lower in the substituted triticales Duron S and Alamos 83 than in the complete types Tarasca 87 and Brumby II (P ≤ 0.05). Among the protein fractions, only the albumin and the total polymeric protein, although with an opposite effect, significantly contributed to the rheological properties of triticale doughs evaluated with the farinograph and in the breadmaking test. The SDS-PAGE test showed that the substituted triticales contained an additional HMW-GS band that was not observed in the complete triticales. Amylograph peak temperatures and maximum viscosities, farinograph development times, and loaf volumes of triticale doughs were higher in substituted triticale flours than those of the complete ones. This study demonstrated that the triticale genotypes can be differentiated not only by quantitating their starch and protein composition, but also by testing their functional dough properties.
INTRODUCTION
Triticale (X Triticosecale Wittmack) is the product of an artificial cross between tetraploid wheat (Triticum aestivum) and rye (Secale cereale) genomes resulting in hexaploid (AABBRR) or octaploid (AABBDDRR) triticales. [1, 2] Since triticales have not undergone natural selection, it has been necessary to create populations as genetically diverse as possible. The search for triticales with good agronomic traits has led breeders to explore its chromosomic manipulation. [3] The substitution of the rye chromosome 2R by the wheat chromosome 2D from bread wheat produces "substituted" triticales (AABBDR), [4] which improves the bread-making quality of triticale, although not comparable to that of bread wheat. [5] [6] [7] Some studies have reported that triticales are better suited for cracker production [7, 8] and other unleavened products [9, 10] than for breadmaking. There is another type of triticales having all R chromosomes from rye and are called "complete" triticales (AABBRR). Generally these types retain much of the adaptation characteristics from rye for an appropriate plant growth in marginal agricultural areas where wheat does not perform well. [3, 11] In the complete triticales, the R genome from rye substitutes the D genome from wheat causing the gluten content to be low with a concomitant low bread-making quality. [11, 12] According to reports derived from CIMMYT, complete triticales perform agronomically much better than the substituted ones. Therefore, a balance has to be made between the breadmaking quality of substituted triticales and the high yield potential and good grain quality of wheat with disease and environmental tolerance of the complete triticales. [13] Reports have suggested that the incorporation of triticale into the breadmaking industry can be met with the incorporation of triticale flour into wheat at levels up to 50% with no detrimental effect on baking performance. [14, 15] For many years, the agricultural area of northwest Mexico has been a major wheat producer. However, much production acreage is now dedicated toward cultivation of other crops due to adverse environmental factors. This situation has led the search for alternative crops, such as triticale, that can resist drought or arid soil conditions. [11] However, not all types of triticales are suitable to fulfill the needs of the grain market for either food or feed. [4, 16] Aside from their agronomic adaptability, evaluation of their chemical and physical characteristics will be useful to discriminate the most appropriate one(s) for commercial breadmaking purposes. The present work was carried out to evaluate and compare certain physicochemical properties of some substituted and complete triticales.
MATERIALS AND METHODS

Materials
For this study, the breadmaking wheat cultivar Bacanora, the rye cultivar Webber, and four triticales cultivars were employed. Two of them were complete triticales (Brumby II and Tarasca 87) and two were substituted triticales (Duron S and Alamos 83). Seeds of triticales were from the Wellhausen-Anderson Plant Genetic Resource Center located at the International Maize and Wheat Improvement Center (CIMMYT; El Batán, México) and were kindly donated to be used in this study. The triticales were cultivated at the experimental field of the University of Sonora, Mexico. Once harvested, samples of 1 kg of triticales were tempered to 15% moisture overnight, milled in a Brabender Quadrumat Senior mill (Duisburg, Germany), and stored at −20
• C until analysis.
Chemical Analyses
The protein contents of the triticales (14% moisture basis) were determined according to the procedures of the AOAC. [17] The protein fractions were extracted following the method of Khan et al. [18] Briefly, albumins, globulins, gliadins, and glutenins were sequentially extracted with deionized water, 0.5 M NaCl, 70% ethanol, and 0.05 N acetic acid, respectively. First, 5 g of flour was combined with 50 mL of deionized water (1:10, w/v) to
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remove albumins. The mixture was stirred for 2 h at ambient temperature and centrifuged at 10,000× g for 1 h. The supernatant was saved and the residue was resuspended in 50 mL of 0.5 M NaCl for globulins extraction. The rest of the protein fractions were extracted following the same procedure. The supernatants were analyzed in protein content by the micro Kjeldahl method, [17] whereas the residues were saved for extraction and analysis of the unextractable polymeric protein by SDS-electrophoresis.
The starch and amylose content of the flours was determined following the procedure of Kaldy et al. [19] Briefly, flour samples (50 mg) were dispersed in 5 mL of deionized water, and vigorously mixed in a vortex mixer to distribute it uniformly to avoid sedimentation of the flour. For starch determination, 0.25 mL aliquots of flour dispersions were rapidly taken after mixing, combined with 2.25 mL of dimethyl sulfoxide (DMSO), and incubated overnight at 50
• C. One milliliter of the resulting mixtures was used for starch analysis following the phenol-sulfuric acid method of Dubois et al. [20] The amount of starch was calculated from a standard curve prepared with pure starch and expressed as a percentage of the amount of flour used for extraction. For apparent amylose determination, 100 μL aliquots of flour dispersions were combined with 900 μL DMSO containing 6.7 × 10 −3 M I 2 and incubated overnight at 50
• C. After dilution with 8 mL of water, the color intensity was measured at 600 nm. Quantitation of apparent amylose does not make a distinction between the iodine-staining capacity of the linear amylose molecule and the long branches of amylopectin. Therefore, apparent amylose values were first calculated from a standard curve and corrected for amylopectin according to the procedure of Knutson. [21] The resulting values were expressed as the percentage of amylose in total starch.
SDS-Electrophoresis of Unextractable Polymeric Protein
The unextractable polymeric protein remaining in the flour residues, free of soluble protein fractions, was extracted following the procedure of Gupta and MacRitchie. [22] Briefly, residue samples (10 mg) were dispersed in 165 μL of 70% ethanol, mixed with 5 μL 2-mercaptoethanol, and vortexed for 30 min at room temperature. After centrifugation, the supernatants containing unextractable polymeric proteins (glutenins) were mixed with 5 μL of 4-vinylpyridine for protein alkylation in the dark for 2 h. Aliquots of 50 μL of protein extracts were diluted 1:4 with reducing sample buffer (0.0625 M Tris-HCl, pH 6.8, containing 10% (v/v) glycerol, 2% (w/v) SDS, and 5% (v/v) β-mercaptoethanol). From the resulting solutions, aliquots of 20 μL were used for electrophoresis in a 10% acrylamide separating gel and a 3.83% acrylamide stacking gel, both containing 1.35% bisacrylamide according to the procedure of Laemmli.
[23] The protein separation was carried out at a constant voltage of 200 V for 45 min in a Mini-Protean II Cell (Bio-Rad, Hercules, CA, USA). Detection of bands was carried out using the silver method of Blum et al. [24] 
Rheological Tests of Flours
Rheological tests of flours were carried out following recommended methods of the AACC: [25] farinograph analysis (method 54-21), breadmaking test (method 10-10), falling number test (method 56-81), and amylograph test (method 22-10).
Statistical Analysis
All analyses were run in triplicate. Results were expressed as mean values ± standard deviation. Data was subjected to an analysis of variance following general model procedures. [26] The resulting mean values were compared using Tukey's multiple range test with significance defined at P ≤ 0.05.
RESULTS AND DISCUSSION
Starch and Amylose Content
The results of the starch determination of wheat and rye, and the two types of triticales are shown in Table 1 . In general, all triticales showed similar values in starch content with those previously reported. [7, 27] No clear statistical relationship between starch content and type of triticale was observed. The triticales Duron S (substituted) and Brumby II (complete) showed the highest and similar starch content, whereas Alamos 83 (substituted) and Tarasca 87 (complete) showed the lowest (P ≤ 0.05). Overall, these results were similar to those from previous studies, [28, 29] although under our experimental growing conditions the values tended to be a little bit higher. Burešová et al. [29] reported that starch and amylose content in triticales were influenced by weather during the growing season; however, no statistical difference was observed among the different triticales used in this study, perhaps because they were cultivated under the same environmental conditions. The values of amylose content for wheat, rye, and triticale flours tested are shown in Table 1 . The highest value of amylose content was observed in durum wheat, which is in agreement with results previously reported. [30, 31] High amylose content in durum wheat has been attributed to the low activity of the enzymes involved in amylopectin synthesis leading to the increase of amylose content. [32] Some of the triticale flours showed similar amylose values to rye but were lower than wheat (P ≤ 0.05) and comparable to those previously published. [26, 28, 33, 34] However, in our study the substituted triticales, Duron S and Alamos 83, contained lower amounts of amylose than the complete triticales. The amounts of amylose have been related to the starch granule size, being the A-type are the ones containing higher amylose content than the B-type. [33, 35] 
Quantitation of Protein Fractions
The total protein content values of the flours used in this study, as well as those of their corresponding protein fractions, are shown in Table 2 . It was observed that wheat, rye, and [36] and Varughese et al., [37] which was attributed to an additive effect of the albumin and globulin protein fractions from wheat and rye inherited in all triticales. However, there were two protein fractions that significantly differentiated the triticale genotypes. One was the albumin fraction, which was present in lower amounts in the substituted triticales Duron S and Alamos 83 (42.6 and 38.0%, respectively) and higher in the complete genotypes Tarasca 87 and Brumby II (44.8 and 45.4%, respectively) (P ≤ 0.05). The other protein fraction was the acetic acid soluble glutenins, which was higher in the substituted triticales (average 9.35%) and lower in the complete genotypes (average 7.1%). Moreover, a comparative analysis of the amounts of the total polymeric protein (soluble glutenin plus residue protein) determined in all triticales showed that the substituted genotypes contained, on average, more total polymeric protein (15.9%) than the complete ones (13.5%) (P ≤ 0.05). An analysis of the glutenin subunit composition by SDS-PAGE showed that the substituted triticales Duron S and Alamos 83 contained an additional HMW-GS band that was not observed in the complete triticales Tarasca 87 and Brumby II (Fig. 1 ). In contrast, the latter triticales contained a protein band with intermediate mobility between the HMW-and LMW-GS, which can be a secalin [1] and that was not observed in the substituted triticales.
Amylograms
The main amylographic parameters of the flours used in this study are shown in Table 3 . Peak temperatures of wheat and rye were higher than those of triticales (P ≤ 0.05). However, among triticales, the substituted ones showed an average peak temperature higher than that of complete triticales. High peak temperatures have been related to low amylose contents of the small B-granule starch, [33, 38, 39] as well as to greater loaf bread volumes. [40] 426 NAVARRO-CONTRERAS ET AL. The substituted triticales showed, on the average, maximum viscosity values around 38% more than those observed in complete triticales. A moderate linear inverse relationship was observed between starch content and peak temperatures (r = −0.60) and starch content and falling number values (r = −0.78). However, a high positive linear correlation value (r = 0.93) was obtained when the peak viscosity temperatures and falling number values were related, indicating that both parameters are strongly influenced by the amylase activity of the flours. Durum wheat and rye flours showed the highest values of maximum viscosity and falling number values, which together indicated low α-amylase enzyme activity. [41, 42] In contrast, all triticale flours showed low falling number values evidencing their high amylase activity. [43] Furthermore, values of maximum viscosity and falling number were low for all triticales as compared to those observed in wheat and rye flours (P ≤ 0.05), although those of complete triticales were slightly lower than the substituted types. Viscosity of flours, as determined by the falling number method, is greatly influenced by their α-amylase activity. [2, 42] This was demonstrated by the high negative linear correlation (r = -0.91) observed between the amounts of albumin content and the falling number of the triticale flours used in this study. Klassen and Hill [44] reported that the low amylograph viscosity of triticales was due to their α-amylase activity, mainly derived from rye. However, the rye flour used in our study showed a significant high falling number value than those determined in all triticales, indicating that the latter did not inherit all the α-amylase activity from rye.
Farinograms
The values of the main farinographic parameters are shown in Table 4 . Of all those parameters, only stability time and dough development time were able to differentiate the triticale types. In general, all triticales showed lower stability times than that of the wheat flour. However, the substituted types showed longer stability times than the complete ones (P ≤ 0.05). A similar behavior was observed with the measurement of the dough development time. The substituted triticales showed larger development values than those observed in complete types. The substituted triticales used in this study contained an additional HMW-GS (Fig. 1) , which could be the reason for higher stability mixing times (from 8.6 to 25%) and dough development times (from 30 to 35%) than those observed in the complete triticales. It is known that the mixing properties of triticale are highly influenced by their HMW-GS composition, [1, 4] as it is in wheat dough. [18, 45] 
Breadmaking Test
The values of the main breadmaking parameters for the different flours are shown in Table 5 . It was observed that the substituted triticales performed better than the complete ones in bread volume. A parameter that also helped to differentiate the breadmaking quality of triticales was the loaf specific volume. Higher loaf specific volume values were obtained in loaves made from substituted triticale flours than those from the complete ones (P ≤ 0.05). This result can be attributed to the higher content of polymeric protein (soluble glutenin plus residue protein) determined in substituted triticales because it was highly related to loaf volume (r = 0.91) and specific loaf volume (r = 0.97) of triticales flours. The positive role of the wheat polymeric protein and its glutenin subunit composition in breadmaking has been well demonstrated in wheat [5, 18, 45] and triticale, [2, 3, 15] and its contribution to the functional properties of triticale flours allowed us to differentiate the breadmaking quality of substituted and complete triticales. The significance of these results is in accordance with those of Singh et al. [5] and Cinco-Moroyoqui and MacRitchie. [46] These researchers have indicated that the total polymeric protein and glutenin subunit composition are determinant factors in the breadmaking quality of wheat flours. Therefore, the additional HMW-GS detected in the substituted triticales may be the reason why these genotypes perform better in the breadmaking test, although they were unable to perform wheat-like breadmaking properties. [2] In contrast, among the rest of the protein fractions isolated from triticale flours, only the albumin fraction was inversely related to bread volume (r = −0.88). That result can be attributed to the variable α-amylase activity of the triticales, which is found in the albumin fraction [2] and determines the falling number test. However, the albumin fraction comprises a heterogeneous group of proteins whose influence in breadmaking has not been studied in detail and assessed their functional role in the breadmaking process. Nevertheless, some studies have reported that wheat albumins coagulate during the thermal process contributing to create the structure and texture of wheat bread loaves, [47] whereas Oszvald et al. [48] found that amaranth albumins improve the rheological properties of wheat dough. According to those results and ours, it appears that the albumin fraction plays an important role in breadmaking and must be present in low amounts to favorably influence the rheological properties of triticale flours. Hence, it seems that a suitable balance must exist between the total polymeric protein and the water soluble albumins to obtain an optimum bread volume. Although some studies have shown that triticales are not appropriate for breadmaking, [5, 7] others have demonstrated that they can be used in wheat-triticales blends without negatively affecting the resulting bread volume. [10, 15, 16] The contradictory results allowed speculation that the triticales flours used in those studies differed in total polymeric protein and albumin contents.
CONCLUSIONS
Quantitation of starch and protein content of the triticales used in this study did not reveal differences in their chemical composition. However, an analysis of their components made it possible to establish differences between the two triticale genotypes used in this study. The amylose content in the substituted triticales was lower than the complete ones. The triticale flours showed very low viscosity and falling number values in comparison to those of the wheat and rye. All triticales possessed higher contents of albumins and globulins than those observed in durum wheat and rye. The functional properties measured in the farinograph showed that the triticale flours possessed very weak gluten as demonstrated by their low tolerance values to the mixing action. However, substituted triticales behaved better than the complete ones. The breadmaking test showed that the substituted triticales performed better than the complete triticales as demonstrated by their high bread volumes and loaf specific volume values. That result was attributed to the high content of total polymeric protein (soluble glutenin plus residual unextractable protein) and their concomitant lower albumin content, which was not observed in the complete triticales.
Although production of triticales with better breadmaking properties has not been intended to replace hexaploid wheat in the breadmaking industry, results derived from the present study suggest that the substituted triticales can be successfully used for bread production in those areas where the hexaploid wheat does not perform well due to adverse climatic conditions or to wheat shortages. Additionally, the tolerance of triticale to grow in a variety of environmental conditions, gives the opportunity to conveniently obtain polymeric (glutenin) protein from substituted triticales that can be fractionated and used as additive in wheat flours to improve their breadmaking properties. This practice would result in an increase in the proportion of the polymeric protein in the flour, whereas that corresponding to the albumin fraction would decrease, which supposedly would favorably affect the breadmaking properties of the resulting flours as it was observed in the present study with the substituted triticale flours. Finally, considering the adverse role of the albumin fraction on bread volume observed in the present work, it would be of interest to study the influence of the different albumin subunits on the improvement of the functional properties of triticale and wheat flours. Results of the present work lead to the conclusion that the starch and protein components are what really makes it possible to differentiate triticale flours in their functional properties.
